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Abstract
Background: Outside of the United States, evidence for associations between exposure to fast-
food establishments and risk for obesity among adults is limited and equivocal. The purposes of this
study were to investigate whether the relative availability of different types of food retailers around
people's homes was associated with obesity among adults in Edmonton, Canada, and if this
association varied as a function of distance between food locations and people's homes.
Methods: Data from a population health survey of 2900 adults (18 years or older) conducted in
2002 was linked with geographic measures of access to food retailers. Based upon a ratio of the
number of fast-food restaurants and convenience stores to supermarkets and specialty food stores,
a Retail Food Environment Index (RFEI) was calculated for 800 m and 1600 m buffers around
people's homes. In a series of logistic regressions, associations between the RFEI and the level of
obesity among adults were examined.
Results: The median RFEI for adults in Edmonton was 4.00 within an 800 m buffer around their
residence and 6.46 within a 1600 m buffer around their residence. Approximately 14% of the
respondents were classified as being obese. The odds of a resident being obese were significantly
lower (OR = 0.75, 95%CI 0.59 – 0.95) if they lived in an area with the lowest RFEI (below 3.0) in
comparison to the highest RFEI (5.0 and above). These associations existed regardless of the
covariates included in the model. No significant associations were observed between RFEI within
a 1600 m buffer of the home and obesity.
Conclusion: The lower the ratio of fast-food restaurants and convenience stores to grocery
stores and produce vendors near people's homes, the lower the odds of being obese. Thus the
proximity of the obesogenic environment to individuals appears to be an important factor in their
risk for obesity.
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Food eaten away from home, especially fast-food, is asso-
ciated with weight gain and the obesity epidemic [1-4].
Greater availability of fast-food restaurants has led to
increased consumption of fast-food [5]. Furthermore, if
supermarkets are not readily available then fast-food res-
taurants often serve as a substitute for food access [6].
Also, adolescents are obtaining less of their energy intake
at home and more at restaurants and fast food places [7].
This behaviour is reasonable considering that fast-food is
cheaper and more energy-dense per measure of weight
than other healthier foods such as fruits and vegetables
that are purchased in a grocery store [8]. In fact, the prices
of fast-food and fruit and vegetables are differentially
associated with dietary quality and adiposity among peo-
ple living in the United States [9]. Thus, the location of
fast-food restaurants in urban areas may contribute to the
obesogenic environment [10].
A recent study in California found that the relative availa-
bility of different types of food retailers around individu-
als' homes was associated with the bodyweight status of
residents [11]. Specifically, the Retail Food Environment
Index (RFEI) was calculated as the ratio of the availability
of fast food restaurants and convenience stores compared
to grocery stores and produce vendors around respond-
ents' homes. The researchers found that as the RFEI
increased, so too did the prevalence of obesity. Other
research from the United States supports the claim that
access to convenience stores [12,13] and fast-food restau-
rants [13-16] is associated with obesity among adults
while the presence of healthy food through grocery stores
is a buffer to obesity [12,17,18].
Outside of the United States the evidence for such associ-
ations is limited and equivocal. For instance, the likeli-
hood of being overweight/obese decreased among both
girls and their fathers in Melbourne, Australia if they had
a fast-food restaurant within 2 km of their home [19].
With each additional fast-food restaurant within 2 km of
the home, the likelihood of being overweight/obese
decreased by 14% for older girls. These findings are incon-
gruent with the obesogenic environment model [10,20]
and suggest that environmental associations with body-
weight status may vary by country or economic or politi-
cal contexts. Canada provides an interesting comparison
with the United States in this regard. Though the two
countries are on the same continent, share many of the
same values, and consume and enjoy many of the same
products and foods, the rates of overweight and obesity
differ. In 2004, 23% of Canadian adults were considered
obese [21] while the prevalence of obesity was 32% in the
United States [22]. Thus the question is whether food
access and the density of fast-food restaurants is related to
obesity rates in a Canadian sample.
Therefore, the purposes of this study were (a) to deter-
mine if the local food environment is associated with
obesity in a Canadian context, and (b) if this association
varies as a function of distance between food locations
and people's homes. Using data from the Population
Health Survey 2002 (PHS-2002) [23], we examined cross-
sectional associations between the relative availability of
different types of food retailers around individuals' homes
and the prevalence of obesity among adults. We hypothe-
sized that residents of areas with high fast-food access
would be more likely to be obese than those in areas with
relatively low access. Additionally, we hypothesized that
these associations would be stronger for facilities that
were more proximal (within 800 m) to the resident's
home as opposed to more distal (within 1600 m).
Methods
Participants
The PHS-2002 was a telephone-administered survey con-
ducted in the Capital Health region of Alberta, Canada
between October and December 2002. At that time, the
region included the City of Edmonton, the City of St.
Albert, Strathcona County and Leduc County (including
the City of Leduc and surrounding municipalities), with a
total estimated population of 860,000. The target popula-
tion included all individuals, 18 years or older, living in
the Capital Health region. People who lived in homes
without telephones and residents of institutions were
excluded from this survey. A sample of 3,850 individuals
was reached with a response rate of 59%. For the purposes
of this study, only those individuals who lived within the
City of Edmonton and who provided complete height and
weight information were included (N = 2900). We certify
that all applicable institutional and governmental regula-
tions concerning the ethical use of human volunteers were
followed during this research and institutional ethics
board approval was obtained prior to data collection.
Measures
Demographics
Since people living in a poor neighbourhood are much
more likely to be exposed to fast-food outlets [24-28], less
likely to have ready access to grocery stores [29,30] and
more likely to be obese [31-33], then socioeconomic sta-
tus (SES) is a potential covariate of any association
between residential environments and obesity. Thus,
measures of both individual- and neighbourhood-level
SES were included in our analysis. Based on the respond-
ent's postal code, data were extracted from the 2001 Cen-
sus [34] and a neighbourhood SES index [35] was created
by taking the sum of the z-scores of net educational level
(the proportion of people with low education subtracted
from the proportion of people with and high education
aged 20 and over), median income of census families, and
proportion of unemployed (unemployed people aged 15Page 2 of 6
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were in the labour force). Education was a stronger covari-
ate of risk for obesity than household income in the PHS-
2002 [23], therefore we used level of education attained
by the respondent (less than high school, completed high
school, some post secondary, completed college/technical
school, completed university, completed post-bachelor
university) as our sole indicator of individual-level SES.
Height and weight
Based on self-reported height and weight, the body mass
index (BMI) was calculated and participants were classi-
fied as being obese if they had a BMI of 30 or greater [36].
Food Retailers
Information on location of food establishments in
Edmonton for 2004 was supplied by the Health Inspec-
tion Division within Capital Health and/or found in the
Alberta First Business Directory [37]. From these datasets,
we selected supermarkets, fast food outlets, speciality food
stores, and convenience stores according to the NAICS
(North American Industry Classification System) codes.
Supermarkets were defined as stores stocking fresh meat,
wheat-based Western style bread, fruits, vegetables, and
dairy milk, and had no required membership (free
access). Fast food outlets were defined as restaurants with
walk-up counter service selling predominantly pre-proc-
essed and prepared to order foods. Specialty food stores
retailed miscellaneous specialty foods (e.g., ethnic,
organic, or upscale/gourmet) not for immediate con-
sumption. Convenience stores were defined as primarily
engaged in retailing a limited line of goods that generally
includes milk, bread, soda, and snacks. ArcGIS version 9.2
(ESRI Inc., Redlands, California, USA) was used to create
buffers of 800 m and 1600 m around the points indicating
the location of respondents' postal codes. To calculate the
number of facilities (e.g., fast food restaurants, conven-
ience stores, supermarkets) within each buffer, we used
the Count Points in Polygon analysis tool [38]. A Retail
Food Environment Index (RFEI) [11] was calculated for
each respondent within both buffers. The RFEI was based
on the following formula: RFEI = (F+C)/G where F repre-
sents the number of fast-food restaurants within a given
radius; C represents the number of convenience stores
(including convenience stores, gasoline stations with con-
venience stores and convenience neighbourhood stores
that also sell selected grocery items) within a given radius;
and G represents the number of grocery stores (including
supermarkets, ethnic stores and upscale organic markets)
within a given radius [11]. If no grocery store was found
within a particular buffer, a constant of 1 was added to
that case so that it remained in the analysis. A higher REFI
would, therefore, indicate a more obesogenic food envi-
ronment. Consistent with previous research [11], the RFEI
for the 800 m buffer was then categorized as: below 3.0,
3.0 – 4.9, and 5.0 and above. For the 1600 m buffer, the
categorization of RFEI was: below 6.0, 6.0 – 9.9, and 10.0
and above.
The average size of a residential neighbourhood in
Edmonton is 1.07 km2, (the minimum area is 0.20 km2,
the maximum area is 2.56 km2, with a Standard Deviation
of 0.38 km2). Since we used buffers at radii of 800 m and
1600, they covered an area of 2.01 km2 and 8.03 km2
respectively. Therefore a buffer of 800 m covered more
than the whole area of an average neighbourhood in the
city (assuming the individual household was located in
the centre of the neighbourhood), while capturing acces-
sibility to grocery stores, fast food and convenience stores
located within a resident's reach.
Analysis
To examine the association of the RFEI with the preva-
lence of obesity, weighted logistic regression models were
conducted for both the 800 m and 1600 m buffers. The
models were weighted to reflect the age and sex distribu-
tions of the Capital Health region and adjusted for the
respondent's age, sex, education level, and neighbour-
hood SES. Specifically, three models were computed for
each buffer. Model 1 included the RFEI and no other cov-
ariates. Model 2 adjusted for neighbourhood SES while
Model 3 included all covariates.
Before proceeding with our analysis, we determined
whether scores may have been nested within neighbour-
hoods thus warranting a multilevel analysis. We first
measured the degree of dependence by calculating the
intra-class correlation between neighbourhood and BMI.
A small intra-class correlation (ICC) was found, p = .02,
suggesting that the BMI scores were independent of neigh-
bourhood. We also considered whether we had sufficient
cases within neighbbourhoods to support a multilevel
analysis. Since the 2900 respondents represented 240
neighbourhoods across the City of Edmonton (M = 12.08
adults per neighbourhood), a multilevel analysis was not
appropriate. With approximately 12 respondents per
neighbourhood we were well below the recommended
rules of thumb of 20 to 30 observations per group (neigh-
bourhood) [39]. In fact 45% of the neighbourhoods had
fewer than 10 respondents while 55 (23%) had 20 or
more children. Therefore, the very small intra-class corre-
lation combined with too few cases (observation) per
neighbourhood (group), suggested we could proceed
with our analysis without considering the potential effect
of neighbourhoods in a multilevel model.
Results
The median RFEI for adults in Edmonton was 4.00 within
an 800 m buffer around their residence and 6.46 within a
1600 m buffer around their residence (see Table 1). The
mean RFEI was 5.09 (SD = 6.31) within an 800 m buffer
around the residence and 8.81 (8.77) within a 1600 mPage 3 of 6
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respondents were classified as being obese. This rate var-
ied by RFEI classification with a lower proportion of peo-
ple being classified as obese in the lowest RFEI category
(12.7%, 13.7%) relative to the highest category (16.3%,
16.1%) for both the 800 m and 1600 m buffers respec-
tively.
RFEI within 800 m of the home was negatively associated
with obesity prevalence (see Table 2). Specifically, the
odds of a resident being obese were significantly lower
(OR = 0.75, 95%CI 0.59 – 0.95) if they lived in an area
with the lowest RFEI (below 3.0) in comparison to the
highest RFEI (5.0 and above). These associations existed
regardless of the covariates included in the model. Based
upon the Nagelkerke R-square statistic, the complete
model accounted for approximately 4% of the variance in
obesity. No significant associations were observed
between RFEI within a 1600 m buffer of the home and
obesity.
Discussion
In this study we explored whether the relative availability
of different types of food retailers around people's homes
was associated with obesity among adults in Edmonton,
Canada, and if this association varied as a function of dis-
tance between food locations and people's homes. We
found that the lower the ratio of fast-food restaurants and
convenience stores to grocery stores and produce vendors
near the home, the lower the odds of being obese. This
association existed for establishments within an 800 m
buffer around people's homes but not for establishments
within 1600 m of their homes. Thus the proximity of the
obesogenic environment [10] to individuals appears to be
an important factor in their risk for obesity. Such findings
may help explain the observation that geographic concen-
tration of fast-food restaurants is associated with mortality
and hospital admissions for acute coronary events among
Canadians living in the Province of Ontario [40].
Our finding that the local food environment is associated
with risk for obesity is consistent with previous research in
the United States [12-18,41]. In particular, our study and
findings were very similar to one conducted in California
[11] where the average RFEI was 4.5 and a 20 percent dif-
ference in prevalence of obesity was observed between the
lowest and highest RFEI groups within a buffer of approxi-
mately 800 m for urban residents and 1600 m for suburban
Table 1: Obesity Prevalence by Retail Food Environment Index for 800 m and 1600 m Buffers
Buffer % of Residents % Obese Mean (SD) RFEI Median RFEI
800 m 5.09 (6.31) 4.00
RFEI below 3.0 38.3 12.7
RFEI 3.0–4.9 21.8 14.6
RFEI 5.0 and above 38.9 16.3
1600 m 8.81 (8.77) 6.46
RFEI below 6.0 41.6 13.7
RFEI 6.0–9.9 31.4 14.2
RFEI 10 and above 27.0 16.1
RFEI = Retail Food Environment Index.
Table 2: Association Between Obesity Prevalence and Retail Food Environment Index
Model 1 (n = 2897) Model 2 (n = 2897) Model 3 (n = 2890)
OR 95% CI OR 95% CI OR 95% CI
800 m Buffer
RFEI below 3.0 0.75 0.59–0.95 0.75 0.59–0.95 0.74 0.59–0.94
RFEI 3.0–4.90 0.87 0.67–1.15 0.86 0.65–1.13 0.81 0.61–1.06
RFEI 5.0 and above 1.00 1.00 1.00
1600 m Buffer
RFEI below 3.0 0.83 0.64–1.06 0.83 0.65–1.07 0.85 0.66–1.10
RFEI 3.0–4.90 0.86 0.66–1.13 0.89 0.68–1.16 0.93 0.71–1.22
RFEI 5.0 and above 1.00 1.00 1.00
Note. Model 1 includes no covariates. Model 2 includes neighbourhood SES index. Model 3 includes neighbourhood SES index, age, sex, and 
education level. RFEI = Retail Food Environment Index.Page 4 of 6
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dent is exposed to approximately 4 (median) to 5 (mean)
times more fast-food restaurants and convenience stores
within 800 m of their home than grocery stores and pro-
duce vendors. Within the 800 m buffer, the difference in
prevalence of obesity was approximately 28% (i.e., 12.7%
vs. 16.3%). One important distinction between the two
studies is how the problem of missing data was addressed.
Specifically, if no grocery stores or produce vendors were
present within the buffer, the California researchers opted
to exclude these cases from the RFEI calculation but yet
include them in the overall frequency estimates. We
addressed this issue by adding a constant of 1 to the grocery
store/produce vendor variable for such cases so that we
could calculate an RFEI for all cases. We did this so that any
participant who was exposed to a fast-food restaurant was
included in our analysis regardless of whether grocery
stores were present in their immediate vicinity or not. This
procedure resulted in a greater proportion of residents in
our study being in the lowest and highest RFEI categories in
comparison to the California study. For instance we had
38% and 39% of participants in the lowest and highest cat-
egories while in California the proportions were 25% and
26% respectively and 28% missing cases.
Risk for obesity is associated with urban form [42-44] and
SES [31-33]. When neighbourhood SES was entered as a
covariate in our analysis, we saw no attenuation of the
association between the relative food index and obesity
within the 800 m buffer. A slight attenuation may have
occurred with the inclusion of household education level
in the third model, but the association still remained.
Thus, the obesogenic effect of access to unhealthy food
appears to be independent of SES. These findings suggest
that improving the retail food environment, regardless of
neighbourhood- and individual-level SES, could be an
effective strategy for decreasing the prevalence of obesity
among adults.
Strengths of the study include the large representative sam-
ple and the use of objective criteria for defining the food
environment. However, this study is not without limita-
tions, including the cross-sectional design and use of self-
reported height and weight. For instance, people often
under-report height and over-report weight [45]. Though
the prevalence of obesity observed in our study (14%) was
similar to that (15.2%) found for Canadians through self-
reports in 2002 [46], both rates are much lower than the
23% recorded with actual measures in 2004 [21]. It is
unlikely, however, that this self-report bias would vary as a
function of the food environment (independent of SES) in
which people live and thus should not have influenced our
findings. On a related note, our contextual SES variable was
modeled at the neighbourhood level instead of at the level
of the buffers. For respondents located close to the bound-
ary between two neighbourhoods with different aggregated
SES, this procedure may obscure a potential role of SES in
attenuating the association between the RFEI and obesity.
Finally, we have no information on the fast-food consump-
tion habits of the participants so it is impossible to deter-
mine if they were actually consuming such foods and how
they were traveling to the establishments. Since approxi-
mately 70% of fast-food purchases in the United States are
done through takeout [47], it is possible that part of the
association between relative fast-food access and obesity in
this study is related to the mode of transportation (car as
opposed to walking) involved in the visit to the restaurant.
That is, people are being sedentary while they are "hunting
and gathering" their caloric-dense food. Future research is
needed to investigate associations between food environ-
ment, food retail usage, and food consumption patterns.
Conclusion
In summary, the current study was the first to find that rel-
ative availability of different types of food retailers around
peoples' homes was associated with obesity in a Canadian
context. Similarly, it was among the first to document
such associations outside of the United States. As our find-
ings held regardless of neighbourhood- and individual-
level SES, a plausible policy option for decreasing the
prevalence of obesity among adults is improving the retail
food environment, possibly through zoning by-laws. A
recent systematic review of urban environment and
healthy weights [48] revealed a variety of policy options
have been proposed in Canada, but not systematically
implemented or evaluated. Thus, future research on effec-
tiveness of interventions to improve health and weight
outcomes at the urban environment level is warranted.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
All authors were involved in various stages of study
design. NC conducted the spatial analysis and oversaw the
database. JCS conducted the statistical analysis and wrote
the paper. All authors commented on drafts and approved
the final text.
Acknowledgements
Funding for this project was provided by the Social Sciences and Humanities 
Research Council of Canada (SSHRC), the Canadian Institutes for Health 
Research (CIHR), and Capital Health.
References
1. Binkley JK, Eales J, Jekanowski M: The relation between dietary
change and rising US obesity.  Int J Obes 2000, 24:1032-1039.
2. Bisset S, Gauvin L, Potvin L, Paradis G: Association of body mass
index and dietary restraint with changes in eating behaviour
throughout late childhood and early adolescence: A 5-year
study.  Pub Hlth Nutr 2007, 10:780-789.
3. Pereira MA, Kartashov AI, Ebbeling CB, Van Horn L, Slattery ML,
Jacobs DR, Ludwig DS: Fast-food habits, weight gain, and insulinPage 5 of 6
(page number not for citation purposes)
BMC Public Health 2009, 9:192 http://www.biomedcentral.com/1471-2458/9/192resistance (the CARDIA study): 15-year prospective analy-
sis.  Lancet 2005, 365:36-42.
4. Rosenheck R: Fast food consumption and increased caloric
intake: A systematic review of a trajectory towards weight
gain and obesity risk.  Obes Rev 2008, 9:535-547.
5. Jekanowski MD, Binkley JK, Eales J: Convenience, accessibility,
and demand for fast food.  J Agricultural Res Econ 2001, 26:58-74.
6. Regan G, Lee RE, Booth K, Reese-Smith J: Obesogenic influences
in public housing: A mixed-method analysis.  Am J Health Promot
2006, 20:282-290.
7. Nielsen S, Siega-Riz A, Popkin B: Trends in food locations and
sources among adolescents and young adults.  Prev Med 2002,
35:107-113.
8. Drewnowski A, Specter SE: Poverty and obesity: The role of
energy density and energy costs.  Am J Clin Nutr 2004, 79:6-16.
9. Beydoun MA, Powell LM, Wang Y: The association of fast food,
fruit and vegetable prices with dietary intakes among US
adults: Is there modification by family income?  Soc Sci Med
2008, 66:2218-2229.
10. Swinburn B, Egger G, Raza F: Dissecting obesogenic environ-
ments: The development and application of a framework for
identifying and prioritizing environmental interventions for
obesity.  Prev Med 1999, 29:563-570.
11. California Centre for Public Health Advocacy, Policy Link, the UCLA
Center for Health Policy Research: Designed for Disease: The Link
Between Local Food Environments and Obesity and Diabetes. Davis, CA
2008.
12. Morland K, Diez Roux AV, Wing S: Supermarkets, other food
stores, and obesity: The atherosclerosis risk in communities
study.  Am J Prev Med 2006, 30:333-339.
13. Wang MC, Cubbin C, Ahn D, Winkleby MA: Changes in neigh-
bourhood food store environment, food behaviour and body
mass index, 1981–1990.  Public Health Nutr 2008, 11:963-970.
14. Chou SY, Grossman M, Saffer H: An economic analysis of adult
obesity: Results from the Behavioral Risk Factor Surveil-
lance System.  J Health Econ 2004, 23:565-587.
15. Li F, Harmer PA, Cardinal BJ, Bosworth M, Acock A, Johnson-Shelton
D, Moore JM: Built environment, adiposity, and physical activ-
ity in adults aged 50–75.  Am J Prev Med 2008, 35:38-46.
16. Maddock J: The relationship between obesity and the preva-
lence of fast food restaurants: state-level analysis.  Am J Health
Promot 2004, 19:137-143.
17. Liu GC, Wilson JS, Qi R, Ying J: Green neighborhoods, food retail
and childhood overweight: Differences by population den-
sity.  Am J Health Promot 2007, 21:317-325.
18. Mujahid MS, Roux AV, Shen M, Gowda D, Sanchez B, Shea S, Jacobs
DR, Jackson SA: Relation between neighborhood environ-
ments and obesity in the multi-ethnic study of atherosclero-
sis.  Am J Epidemiol 2008, 167:1349-1357.
19. Crawford DA, Timperio AF, Salmon JA, Baur L, Gilles-Corti B, Rob-
erts RJ, Jackson ML, Andrianopoulos N, Ball K: Neighbourhood fast
food outlets and obesity in children and adults: The CLAN
Study.  Int J Pediatr Obes  in press.
20. Lieberman LS: Evolutionary and anthropological perspectives
on optimal foraging in obesogenic environments.  Appetite
2006, 47:3-9.
21. Tjepkema M: Adult obesity.  Health Rep 2006, 17:9-25.
22. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal
KM: Prevalence of overweight and obesity in the United
States, 1999–2004.  JAMA 2006, 295:1549-1555.
23. Marko J, Edwards J, Fraser-Lee N, Lightfoot P, Spinola C: Body mass
index in the Capital Health region: Report from the 2002 Population Health
Survey Capital Health: Edmonton, AB; 2004. 
24. Hemphill E, Raine K, Spence JC, Smoyer-Tomic KE: Exploring
obesogenic food environments in Edmonton, Canada: The
association between socioeconomic factors and fast-food
outlet access.  Am J Health Promot 2008, 22:426-432.
25. Lewis LB, Sloane DC, Nascimento LM, Diamant AL, Guinyard JJ,
Yancey AK, Flynn G: African Americans' access to healthy food
options in South Los Angeles restaurants.  Am J Public Health
2005, 95:668-673.
26. Pearce J, Blakely T, Witten K, Bartie P: Neighborhood deprivation
and access to fast-food retailing: A national study.  Am J Prev
Med 2007, 32:375-382.
27. Reidpath DD, Burns C, Garrard J, Mahoney M, Townsend M: An
ecological study of the relationship between social and envi-
ronmental determinants of obesity.  Health Place 2002,
8:141-145.
28. Smoyer-Tomic KE, Spence JC, Raine KD, Amrhein C, Cameron N,
Yasenovskiy V, Cutumisu N, Hemphill E, Healy J: The association
between neighborhood socioeconomic status and exposure
to supermarkets and fast food outlets.  Health Place 2008,
14:740-754.
29. Larsen K, Gilliland J: Mapping the evolution of 'food deserts' in
a Canadian city: Supermarket accessibility in London,
Ontario, 1961–2005.  Int J Health Geogr 2008, 7:16.
30. Morland K, Wing S, Diez Roux A, Poole C: Neighborhood charac-
teristics associated with the location of food stores and food
service places.  Am J Prev Med 2002, 22:23-29.
31. Oliver LN, Hayes MV: Effects of neighbourhood income on
reported body mass index: An eight year longitudinal study
of Canadian children.  BMC Public Health 2008, 8:16.
32. Ross NA, Tremblay S, Khan S, Crouse D, Tremblay M, Berthelot JM:
Body mass index in urban Canada: Neighborhood and met-
ropolitan area effects.  Am J Public Health 2007, 97:500-508.
33. Wang MC, Kim S, Gonzalez AA, MacLeod KE, Winkleby MA: Socio-
economic and food-related physical characteristics of the
neighbourhood environment are associated with body mass
index.  J Epidemiol Community Health 2007, 61:491-498.
34. Statistics Canada, Census Operations Division, Geography Division: A
national overview, population and dwelling counts. Ottawa, ON 2002.
35. Demissie K, Hanley JA, Menzies D, Joseph L, Ernst P: Agreement in
measuring socio-economic status: Area-based versus indi-
vidual measures.  Chronic Dis Can 2000, 21:1-7.
36. Douketis JD, Paradis G, Keller H, Martineau C: Canadian guide-
lines for body weight classification in adults: Application in
clinical practice to screen for overweight and obesity and to
assess disease risk.  CMAJ 2005, 172:995-998.
37. Alberta First Business Directory   [http://www.albertafirst.com/
directory/]
38. Hawth's Analysis Tools for ArcGIS   [http://www.spatialecol
ogy.com/htools/]
39. Bickel R: Multilevel Analysis for Applied Research New York: The Guil-
ford Press; 2007. 
40. Alter DA, Eny K: The relationship between the supply of fast-
food chains and cardiovascular outcomes.  Can J Public Health
2005, 96:173-177.
41. Mehta NK, Chang VW: Weight status and restaurant availabil-
ity a multilevel analysis.  Am J Prev Med 2008, 34:127-133.
42. Frank LD, Andresen MA, Schmid TL: Obesity relationships with
community design, physical activity, and time spent in cars.
Am J Prev Med 2004, 27:87-96.
43. Papas MA, Alberg AJ, Ewing R, Helzlsouer KJ, Gary TL, Klassen AC:
The built environment and obesity.  Epidemiol Rev 2007,
29:129-143.
44. Spence JC, Cutumisu N, Edwards J, Evans J: Influence of neigh-
bourhood design and access to facilities on overweight
among preschool children.  Int J Pediatr Obes 2008, 3:109-116.
45. Gorber SC, Tremblay M, Moher D, Gorber B: A comparison of
direct vs. self-report measures for assessing height, weight
and body mass index: A systematic review.  Obes Rev 2007,
8:307-326.
46. Vanasse A, Demers M, Hemiari A, Courteau J: Obesity in Canada:
Where and how many?  Int J Obes 2006, 30:677-683.
47. Vanderbilt T: Traffic: Why We Drive the Way We Do (and What It Says
About Us) New York: Alfred A. Knopf; 2008. 
48. Raine K, Spence JC, Boule N, Church J, Slater L, Marko J, Gibbons K,
Hemphill E: State of the evidence review on urban environments and
healthy weights Canadian Population Health Initiative, Canadian Insti-
tute for Health Information. Ottawa, ON; 2008. 
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/9/192/pre
pubPage 6 of 6
(page number not for citation purposes)
